INTRODUCTION
Over the past three decades, indoor exposures have changed significantly and there have been significant increases in morbidity and mortality among urban residents in China. Exposure to VOCs varies greatly due to the differences of emission sources, housing characteristics and people's time-activity patterns. Due to the vast territory, VOC levels in dwellings in China were not fully explored. Detailed information for different function rooms was limited. Personal exposures could be reasonably estimated from the time-weighted concentrations within the indoor microenvironment of the dwellings. However, the chosen exposure factors were not based on the targeted population considering regional differences.
Located in South western China, the upper reaches of the Yangtze River, Chongqing is one of four municipalities with rapid urbanization during the last few decades. Large numbers of synthetic building materials are used for house construction and decoration. A tight building envelopes, coupled with low ventilation rates aimed at energy efficiency, also allows VOC concentrations to increase. However, we found no investigations regarding the VOC concentrations and the health risks in Chongqing residences. The aims of this study were 1) to investigate indoor VOCs concentrations in Chongqing residence 2) to estimate the inhalation exposure in different function rooms and 3) to assess the corresponding health risks due to the exposure estimates.
MATERIALS/METHODS
Fifty tested dwellings were selected from the urban districts of Chongqing, i.e., Shapingba (SPB), Jiangbei (JB), Yubei (YB), Banan (BN),Nanan (NA),Yuzhong (YZ), Dadukou (DDK), Jiulongpo (JLP) and Beibei(BB) as shown in Figure 1(b) . Tested dwellings should meet the following conditions: (1) These tested dwellings were not unoccupied and they were not redecorated in the recent 1 years to avoid excessive concentration values from the tested results; (2) all the dwellings located in the main urban areas with relatively higher population density to conform to the situation of developing areas of urban China. The house owners were informed the details of the investigation and a normal state of residential apartments should be maintained during the whole sampling process.
The current standard approach for health risk assessment was originally proposed by the U.S. National Academy of Sciences. The four steps of risk assessment are hazard identification, dose-response assessment, exposure assessment, and risk characterization. In this study, we followed the guidance proposed by OEHHA to estimate the exposure doses and health risks. The targeted areas for adult occupants at dwellings were living rooms, bedrooms and kitchens.
Using single point values to estimate the risk for a population can result in great uncertainty. Stochastic risk modeling can provide a more accurate population risk assessment than only using field test data. The exposures and risks were estimated by Monte-Carlo simulation. The Monte-Carlo simulation and sensitivity analysis were conducted using Oracle Crystal Ball software (Fusion Edition, V. 11.1.2.4).
The lognormal distribution was chosen to describe the input data of the concentration of BTX and formaldehyde since the lognormal distributions best fit the distributions of naturally occurring pollutants. Next, 100000 trials of Monte-Carlo simulations were performed to calculate the inhalation exposures and health risks. However, in this study, exposure-related parameters, e.g., inhalation rate (IR), exposure frequency (EF) and body mass (BW), can be found in "Time Use Patterns in China" and "Exposure Factors Handbook of Chinese Population". The parameters were showed in Table 2 . 
RESULTS AND DISCUSSION

VOC concentrations in indoor air
The proportions of BTX and formaldehyde are much higher than the others, and the undecane levels is much lower than those of other VOCs. The percentage of toluene is the highest in three different room types, and the toluene contribution is the most predominant in the dwellings; formaldehyde and xylenes follow. However, BTX is the most abundant type of VOCs in the indoor air with the mean proportion of 59.9%, 58.9% and 63.6% in living rooms, bedrooms and kitchens, respectively. And formaldehyde contribution is less than BTX with the mean proportion of 27.2%, 30.0% and 20.6% in living rooms, bedrooms and kitchens, respectively.
All the targeted compounds were detected with a frequency of more than 80%. The concentration of toluene was the highest with the median of 15.4, 16.1 and 17.1 µg/m3 in living room, bedroom and kitchen, respectively. The concentration of benzene was the lowest in bedroom (the median is 3.2, 2.8 and 3.6 µg/m3 in living room, bedroom and kitchen, respectively). The concentration of benzene in kitchen has the highest value (median=3.6 μg/m3) comparing to bedroom and living room. Toluene has the highest value in bedroom (median=24.4 μg/m3). Xylenes has the highest value in kitchen (median=15.2 μg/m3) and formaldehyde has the highest value in bedroom (median=23.1 μg/m3). Samples from three different types of rooms have shown good consistencies. Figure 5 shows the summary statistics of the modeled personal exposure for BTX and formaldehyde. Mean personal exposure (mean) to every compound in different types of rooms is lower than 25µg/m3. However, toluene has the highest personal exposure level, because this study focused on the adult population and used the time-weighted exposure model, three different types of rooms have different exposure durations between male and female. The exposure duration (ED) can be calculated from person's lifetime distribution from "Time Use Patterns in China". As Table 6 shows, Occupants spend 57.4% (male) and 53.2% (female) of their time in bedrooms, 27.3% (male) and 30.0%(female) in living rooms, 15.3% (male) and 16.8% (female) in kitchens according to the time use patterns of Chongqing region. Figure 5 Personal exposure levels
Modeled personal exposure
.Risk estimation
1) Non-carcinogenic health risk As Figure 6 shows, obviously, pollutants get the highest HQ values in bedrooms and lowest HQ value in kitchens because of the occupants' time use patterns in their dwellings. Except for bedroom, the HQ value of pollutants for female are higher than those for male because the time distribution in dwellings is different between male and female. Females spent more time in living rooms and kitchens, while on the contrary, males spent more time in bedrooms according to time distribution in Chongqing. The HQ value of toluene and xylenes are similar in different room types, but the values of benzene and formaldehyde in bedrooms are much higher than other rooms. The reason behind this could be the decoration materials, furniture, toys, cosmetics and clothes are settled in bedrooms. And benzene contributed most to the HI value of BTX.
Figure 6 HQ values for male and female
As the HQ increases above one, human health probably affect by this compound. Inhalation chronic RELs for benzene, toluene, xylenes and formaldehyde used were 60, 300, 700 and 9 μg/m3 respectively (Table 7 ). In the Monte Carlo simulations, 100000 trails were conducted. Hazard index (HI) was used to assess the risk associated with BTX. Comparing to other VOCs, formaldehyde has the highest HQ value of 0.292 (median) for male and 0.293 for female, and butyl acetate has the lowest HQ value of 2.09×10 -6 for male and 2.11×10 -6 for female. The HI value of BTX is 0.334 for male and 0.333 for female. The HQ value of benzene, toluene, xylenes and formaldehyde and HI value of BTX are all lower than 1. The results from Monte Carlo simulations shows that human health would not be affected from the exposure to BTX and formaldehyde. But according to Figure 7 , the HQ of benzene and HI of BTX for male are higher than female. The risk is mainly caused by benzene and formaldehyde. Meanwhile, the HQ value of in bedroom is the highest comparing to other rooms. In order to improve the indoor environment, the first thing is to improve the bedroom environment and focus on reducing the concentration of formaldehyde and benzene.
2) Cancer risk Figure 8 present the cancer risk assessment in different types of rooms. Obviously, cancer risk from formaldehyde is more serious than benzene. For cancer risk assessment, bedroom has the highest risk, which is similar to non-carcinogenic health risk assessment. On the contrary, the effects of formaldehyde and benzene are different. The highest LCR value is found in benzene for female in bedroom (median=7.16×10 -5 ). The LCR values of female are all higher than male except values in bedrooms, and the reason is the difference in the time distribution, average life expectancy and other unidentified parameters.
Figure 8 Cancer risk for male and female
If the LCR value is higher than 1.0×10 -6 , it means that the concentration of this compound in this microenvironment imposes cancer risk. Figure 9 shows that the LCR of benzene and formaldehyde in Chongqing's dwellings are all higher than the acceptable value (1.0×10 -6 ). Female occupants who are active in the dwellings have the higher cancer risk (1.64×10
-5 for benzene and 7.16×10 -6 for formaldehyde) than male occupants (1.49×10 -5 for benzene and 6.56×10 -6 for formaldehyde). That means that all the tested dwellings could potentially cause cancer.
As the results of LCR of benzene and formaldehyde for males and female from Monte Carlo simulations all above 1.0×10 -6 , adults would have cancer risk from formaldehyde and benzene based on the results.
Sensitivity analysis
The present study has several limitations with respect to sampling. First, a limited number of dwellings were investigated, that may lead to uncertainty and sample bias. Emission of indoor VOCs sources are highly temperature dependent and significantly reduced at lower temperatures. Also, the indoor gas-phase concentration may decrease at the lower temperatures. The impact of input factor's variation on the results for modeled exposures calculated by sensitivity analysis. The result shows that the concentration of pollutants in bedrooms and living rooms and body weight were predominant in the total exposure variance (shown in Figure 10 ). Although the values are below the threshold, it is recommended to take these factors into consideration, as they are able to create impact on the occupants' health and well-being. LCR is noticeably higher than the threshold of 1.0×10 -6 , even tens of times higher (male: benzene, median=1.49×10 -5 , formaldehyde, median=6.56×10 -6 ; female: benzene, median=1.64×10 -5 , formaldehyde, median=7.16×10 -6 ). The lifetime cancer risk for female is higher than it is for male, and the LCR for two pollutants were the highest in bedroom. According to the research, benzene imposes less cancer risks comparing to formaldehyde. However, the estimated cancer risks from benzene for male and female are beyond 10 times higher than the threshold of 1.0×10 -6 . The cancer risks from formaldehyde for male and female are below 10 times higher than 1.0×10 -6 .
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